Kaposi's sarcoma-associated herpesvirus (KSHV) is necessary for KS, a highly vascularized tumor predominated by endothelial-derived spindle cells that express markers of lymphatic endothelium. Following KSHV infection of TIME cells, an immortalized human dermal microvascular endothelial cell (DMVEC) line, expression of many genes specific to lymphatic endothelium, including VEGFR3, podoplanin, LYVE-1, and Prox-1, is significantly increased. Increases in VEGFR3 and podoplanin protein are also demonstrated following latent infection. Examination of cytokine secretion showed that KSHV infection significantly induces hIL-6 while strongly inhibiting secretion of IL-8, a gene product that is decreased by differentiation of blood to lymphatic endothelial cells. These studies support the hypotheses that latent KSHV infection of blood endothelial cells drives their differentiation to lymphatic endothelial cells.
Introduction
Kaposi's sarcoma (KS), the most frequent malignancy in AIDS patients, is currently the most commonly reported tumor in parts of Africa (Wabinga et al., 1993) . KS tumors are highly vascularized and exhibit extensive neoangiogenesis. KS tumors also contain increased levels of several proinflammatory cytokines, including hIL-6 (Oxholm et al., 1989) . The most prominent cell in the KS tumor is the spindle cell, a cell of endothelial origins, though there are other cell types present in the tumor including infiltrating lymphocytes. KS spindle cells express elevated levels of vascular endothelial growth factor receptor 3 (VEGFR3) and podoplanin, two specific markers of the lymphatic endothelium (Jussila et al., 1998; Skobe et al., 1999) , which led to the hypothesis that KS spindle cells are lymphatic in origin (Jussila et al., 1998; Skobe et al., 1999; Weninger et al., 1999) . The lymphatic endothelium controls the fluid and lymphocyte uptake into lymph nodes and is architecturally distinct from the blood vascular endothelium. Lymphangiogenesis is a separate process from blood or hemangiogenesis, utilizing different VEGF family members, primarily VEGF-C and D and their receptor VEGFR3 (Makinen et al., 2001) .
Kaposi's sarcoma-associated herpesvirus (KSHV also known as human herpesvirus 8 or HHV-8) is present in spindle cells of all KS tumors and is necessary for KS progression (Aluigi et al., 1996) . KSHV is also associated with two B-cell lymphoproliferative diseases, primary effusion lymphoma (PEL) (Cesarman et al., 1995) and AIDS-associated plasmablastic multicentric Castleman's disease (MCD) (Soulier et al., 1995) . KSHV is a gamma herpesvirus, further subclassified as a rhadinovirus. At least 80 genes are encoded on its 165-kilobase genome (Neipel et al., 1997; Russo et al., 1996) . Like all herpesviruses, KSHV has both a lytic and a latent phase. During latency, a small subset of the coding capacity of KSHV is expressed. In KS tumors and primary effusion lymphomas, KSHV is found predominantly in the latent state, although there is always a low background of lytic replication (Staskus et al., 1997) . TIME cells are human dermal microvascular endothelial cells (DMVECs) immortalized with h-tert, the active subunit of telomerase, and are efficiently infected with KSHV. By 24 h postinfection, nearly all of the TIME cells support latent infection while around 1-3% undergo lytic replication, similar to the percentages in KS tumors and PELs (Lagunoff et al., 2002) . The studies presented here demonstrate that KSHV infection of TIME cells induces many changes that are consistent with differentiation from blood to lymphatic endothelial cells (BEC to LEC) . This supports the hypothesis that KSHV infection of BECs in vivo causes them to differentiate into LECs as they transform into spindle cells.
Results

Markers of lymphatic endothelial cells are induced by KSHV infection
To examine major markers of lymphatic endothelial cells, we used quantitative real-time RT-PCR to examine expression of VEGFR3, podoplanin, and LYVE-1 in TIME cells infected with KSHV or with KSHV that was UV irradiated. UV-irradiated virus can bind and enter cells but there is no viral gene expression. Infection rates were determined by seeding a subset of infected cells onto slides at the time of harvest and staining with antibodies to a latent marker (LANA) and a lytic marker (ORF 59). Only experiments where greater than 90% of the cells expressed latent markers and less than 5% of the cells expressed lytic markers were analyzed. No staining was seen in uninfected cells or cells infected with UV-irradiated virus. Expression of VEGFR3, podoplanin, and LYVE-1 is increased approximately 10-, 13-, and 7-fold, respectively, in KSHV-infected cells ( Fig. 1A ). Prox-1 is required for the developmental expression of VEGFR3 and podoplanin as BECs differentiate into LECs in vivo (Wigle and Oliver, 1999) , thus making the Prox-1 pathway a likely cellular target of KSHV. We could not amplify an RT-PCR product using primers specific for Prox-1 when using mRNA from uninfected or UV-irradiated KSHV-infected TIME cells, but we could amplify product from mRNA isolated from KSHV-infected TIME cells (Fig. 1B) . The 2.2-kb product was subcloned, sequenced, and found to be full-length Prox-1 mRNA (data not shown). This indicates that uninfected TIME cells express little, if any, Prox-1, and the gene is upregulated by KSHV infection. Interestingly, we could easily amplify Prox-1 using mRNA from uninfected primary DMVECs (data not shown). It was previously shown that commercially available DMVECs are a mixture of blood and lymphatic endothelial cells (Makinen et al., 2001) . Thus, it is likely that the contaminating LECs express the Prox-1 detected. The complete lack of detectable Prox-1 in TIME cells provides evidence that TIME cells are purely BEC in origin.
We also analyzed the protein levels of lymphatic endothelial-specific markers. Cell lysates from uninfected and KSHV-infected TIME cells were analyzed by Western blot using antibodies to VEGFR3 and podoplanin. Both were initially below the threshold of detection by Western blot, but easily detected following infection (Fig. 1C ). We also examined expression of podoplanin in cells using immunofluorescence. There was only light background staining with an anti-podoplanin antibody in uninfected cells while there is strong cytoplasmic membrane staining in KSHV-infected TIME cells (Fig. 2) . Importantly, around 90% of these cells express LANA and less than 1% express markers of lytic replication, indicating expression of lymphatic markers is due to latent gene expression. Also of note, the high level of podoplanin staining is only seen in . All values were normalized to GAPDH expression and error bars represent the standard error of the mean. (B) Shown is a representational gel of Prox-1 and GAPDH mRNA amplification by semiquantitative RT-PCR from mock-and KSHV-infected TIME cells. (C) Western blot analysis of VEGFR3 podoplanin in mock-and KSHV-infected TIME cells. Cox1 is included as a loading control.
LANA-positive cells in the infected cell panel (Fig. 2) . Taken together, these data indicate that latent KSHV infection of BECs leads to differentiation to LECs.
Global changes in mRNA expression after KSHV infection
To identify global changes in gene expression caused by KSHV infection of endothelial cells, we used cDNA microarrays to examine transcripts from uninfected versus KSHV-infected TIME cells during a 4-day time course of infection and also UV-irradiated virus versus KSHVinfected TIME cells to control for contaminants in the inoculum that might effect host cell gene expression. Analysis was done on glass slides spotted with approximately 15 000 or 13 000 features in duplicate. As above, at the time of harvest, subsets of cells were seeded onto slides and stained with antibodies to LANA and ORF59. The cells infected with UV-irradiated virus did not express LANA or ORF59, while in the wild-type-infected cells, greater than 90% of the cells stained for LANA and less than 5% of the cells expressed ORF59. A total of eight true biological replicates were done in duplicate at three different time points, 24, 48, and 96 h after infection with another set of duplicates performed at 48 h with UV-irradiated virus-treated TIME cells as the control. The effects of changes in gene expression in cells undergoing lytic replication are minimal because changes in expression in less than 5% of the cells will not significantly impact the overall gene expression patterns. In addition, it was recently demonstrated that there is host gene shut off in lytically infected cells (Glaunsinger and Ganem, 2004) .
To analyze genes altered by KSHV infection, we chose to only examine genes that were altered in all eight experiments, indicating that the alterations were sustained over the course of 4 days and, because we used UVirradiated virus in two experiments, alterations also required viral gene expression. Cellular genes (147), about 1% of the total genes on the array, are altered at all time points more than 1.8-fold in intensity with a P value of less than 0.001. Expression of 86 genes is significantly increased at all time points (Table 1) while 61 genes are significantly repressed by infection with KSHV (Table 2) . More than 10% of the genes that were identified as altered by KSHV infection are similarly differentially expressed in BECs versus LECs or in BECs differentiated into LECs by forced expression of Prox-1 (Hirakawa et al., 2003; Hong et al., 2002; Petrova et al., 2002) . These changes are indicated in bold in Tables 1 and 2. We have confirmed many of these results by real-time RT-PCR looking at transcripts altered by KSHV infection as well as some that were unchanged on the arrays. Over 30 transcripts have been analyzed by real-time RT-PCR and to date all the genes tested are consistent with the results from the microarrays (see Figs. 1A, 2, 3A and data not shown). Expression of podoplanin is significantly increased on the array (listed as T1A-2), confirming results from Fig. 1 . VEGFR3 is not spotted on the array.
Angiogenic genes
KSHV infection alters the expression of several genes involved in angiogenesis. Included in the significantly altered genes is FLT1 (VEGFR1), which is increased about 2-fold on average (Table 1) . Interestingly, FLT1 was previously shown to be decreased in LECs versus BECs (Hirakawa et al., 2003) , indicating that KSHV is also altering gene regulation unrelated to lymphatic differentiation. A set of experiments was done to further quantify the alteration in expression of genes involved in angiogenesis and to probe transcripts that were not present on the array. Quantitative real-time RT-PCR was done using commercially available TaqMan probes for each transcript. As before, replicates (N = 3-5) were done on different days with different viral stocks. As the microarray experiments had shown, expression of VEGFR1 (FLT1) in TIME cells is significantly increased, approximately 5-fold, following KSHV infection, while VEGFR2 (KDR) is relatively unchanged (Fig. 3) . None of the VEGF family members were greatly increased in expression. In fact, most (VEGF-A, VEGF-B, and placental growth factor (PGF)) appeared to be slightly decreased, while VEGF-C was slightly and consistently increased ( Fig. 3) . Interestingly, Fig. 2 . Podoplanin expression is increased in latently infected TIME cells. TIME cells that are N90% latently infected and b1% lytically infected with KSHV and matched mock-infected cells were fixed 72 h after infection and co-stained with anti-podoplanin antibody (green), anti-LANA (red), and DAPI (blue) to stain the nuclei. Only those infected cells that express LANA exhibit cytoplasmic membrane staining for podoplanin. Bold denotes similar regulation in lymphatic endothelial cells. (Hirakawa et al., 2003; Petrova et al., 2002) , again consistent with KSHV-induced differentiation. Cultured LECs, but not BECs, respond to VEGF-C, both as a mitogen and chemoattractant (Makinen et al., 2001) , and VEGF-C is present in KS lesions (Skobe et al., 1999) . VEGF-C was previously shown to be decreased significantly in LECs versus BECs. However, it was not repressed by forced Prox-1 expression in BECs (Petrova et al., 2002) , only in mixed culture primary DMVECs (Hong et al., 2002) . Thus, KSHV infection of BECs appears to drive the differentiation to LECs, while the increase in VEGFR3 expression and the concomitant induction of VEGF-C raise the possibility of an autocrine loop for cell activation. We also found that carcinoembryonic antigen-related cell adhesion molecule 1 (CEACAM1) was increased about 18-fold ( Fig. 3) , which was consistently one of the most induced genes upon BEC to LEC differentiation (Hirakawa et al., 2003; Petrova et al., 2002) .
Cytokines and KSHV infection
Because many cytokines are expressed in KS tumors and cytokine dysregulation has been proposed to play an important role in KS genesis, the alteration of cytokines was further analyzed. One of the most highly induced genes is hIL-6. hIL-6 is a cytokine involved in B-cell activation but may also play many other roles including a role in tumor formation. Importantly, hIL-6 is present at high levels in the KS tumor (Oxholm et al., 1989) . The expression of hIL-6 after infection was further analyzed by real-time RT-PCR, where its transcript was increased approximately 44-fold on average after infection (Fig. 4A ). Inhibition of cytokines may play a role in KS formation by immune evasion or more directly through changes in the activation of different cell types. Expression of IL-8, a chemokine that is capable of attracting neutrophils and T-cells (Hoffmann et al., 2002) , is significantly inhibited at all three time points after KSHV infection. As described above, the inhibition of IL-8 is also consistent with the differentiation of TIME cells from blood Bold denotes similar regulation in lymphatic endothelial cells. 
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to lymphatic endothelium. The expression of IL-8 was further analyzed by real-time RT-PCR, where a decrease of approximately 8-fold was seen at 48 h postinfection with KSHV ( Fig. 4A) .
To analyze the protein levels of IL-6, IL-8, and a large number of other cytokines, a cytokine antibody array was used to monitor secreted proteins, as described in Materials and methods. Media from uninfected and infected cells were used to probe a membrane spotted with antibodies to 79 different cytokines and the relative levels of cytokines were determined. A representative experiment is shown from uninfected and KSHV-infected primary DMVECs at both 48 and 96 h postinfection (Fig. 4B) . Similar results were obtained with TIME cells at 48 and 96 h postinfection (data not shown). Matching the mRNA expression data, hIL-6 protein levels in the media was significantly increased while IL-8 protein levels in the media were strongly decreased by KSHV infection. The only other cytokine that was altered was monocyte chemoattractant protein-1 (MCP-1), which was decreased at both 48 and 96 h postinfection. MCP-1 expression is also decreased in LECs versus BECs (Hirakawa et al., 2003; Petrova et al., 2002) , again consistent with KSHV-infection reprogramming BECs to behave like LECs. These data also demonstrate that the cytokine changes are not unique to TIME cells but are also seen after infection of primary endothelial cells.
Discussion
In vivo, KS spindle cells express markers of the lymphatic endothelium and it was proposed that KS was lymphatic endothelium in origin (Weninger et al., 1999) . The data presented here indicate that, rather than infecting lymphatic endothelial cells, KSHV could infect blood or circulating endothelial precursor cells and drive them to differentiate into lymphatic endothelial cells as they become spindle cells. Developmental work has shown that the lymphatic vasculature buds from the existing blood vasculature as a result of the initiation of a distinct differentiation pathway in the endothelial cells . Expression of Prox-1 is specific to lymphatic endothelial cells and mice that were deficient in Prox-1 had a normal blood vasculature but had no lymphatic system. While we could detect Prox-1 in primary microvascular endothelial cells (Carroll and Lagunoff, data not shown), which are known to contain significant percentages of LECs, we could not detect expression in TIME cells, indicating that TIME cells do not contain LECs and are BEC derived. Furthermore, only after infection with KSHV could we detect Prox-1 mRNA in TIME cells (Fig. 1B) . We obtained quantitative data for three other major markers of lymphatic endothelium, VEGFR3, podoplanin, and LYVE-1 ( Fig. 1A) , and data demonstrating an increase in protein levels for two of the markers, VEGFR3 and podoplanin (Fig.  1C ). Global analysis of TIME cell changes after infection yielded many more changes consistent with differentiation into the lymphatic endothelium. Ten percent of the most significant alterations after KSHV latent infection was differentially expressed between BECs and LECs and many of these changes were also altered when Prox-1 was used to drive differentiation of BECs to LECs (bold in Tables 1 and  2) . Taken together, these data demonstrate that KSHV recapitulates many of the aspects of differentiation from BEC to LEC via Prox-1, but the fact that some of the changes are similar to other array data comparing BECs to LECs (Hirakawa et al., 2003; Petrova et al., 2002) , but not with forced expression of Prox-1 alone in BECs (Hong et al., 2002; Petrova et al., 2002) , suggests that KSHV may induce differentiation effects distinct from Prox-1 in addition to the changes programmed by Prox-1.
There is a large amount of neo-angiogenesis in KS tumors. Whether KSHV infection directly induces angiogenesis or if the effects are indirect is unknown. If KSHV directly induces angiogenesis, this study indicates that factors involved in lymphangiogenesis not hemangiogenesis should be analyzed. Lymphangiogenesis does not revolve around VEGF-A, but rather VEGF-C or VEGF-D is the main growth factor. The receptor for VEGF-C or D is VEGFR3, which is highly upregulated in infected cells. Interestingly, VEGF-C was shown to induce growth of KS spindle cells in culture (Marchio et al., 1999) . While these cells are abnormal in chromosome number and no longer maintain KSHV, they were most likely infected with KSHV in vivo and subsequently lost the virus upon growth in culture. Thus, it is possible that the differentiation to lymphatic endothelium is irreversible in these cells and they now respond to VEGF-C because they are lymphatic endothelial cells. There are other changes in genes involved in angiogenesis that are not completely consistent with lymphatic differentiation. The two most prominent are VEGFR1, which is increased slightly on the array and by real-time RT-PCR, and the slight increase in VEGF-C. An increase in VEGF-C is very interesting because that could induce an autocrine loop in infected cells. Further work is underway to determine the role of VEGF-C in infected cells. VEGFR1 has been described as both a negative and a positive regulator of hemangiogenesis. If it is acting positively, it would be interesting to have an infected cell that can respond gratuitously to both lymphangiogenic and hemeangiogenic stimuli simultaneously.
Changes in the cytokine milieu have been proposed to play a major role in KS pathogenesis. The studies presented here identified three cytokines that are altered following KSHV infection. hIL-6 is one of the most highly upregulated genes following KSHV infection while IL-8 is one of the most significantly downregulated genes. MCP-1 secretion is also decreased upon infection with KSHV. IL-8 and MCP-1 decreases are consistent with differentiation from blood to lymphatic endothelial cells. In KS tumors, hIL-6 is found in high levels. As with VEGFR3 and podoplanin, changes in infected TIME cells in culture mimic gene expression seen in KS tumors in vivo. The role of hIL-6 in KS tumors is unknown but may be part of the interplay of infiltrating lymphocytes and spindle cells.
Three other studies have analyzed host gene expression following KSHV infection of endothelial cells. Two studies used commercially available primary DMVECs Poole et al., 2002) . The third study used a DMVEC line that was immortalized with E6 and E7 from human papilloma virus (Moses et al., 2002) , two potent oncogenes. None of these studies noted the large number of lymphatic endothelial cell changes that we found here. Both studies done at later times postinfection contained a few changes consistent with lymphatic differentiation, but neither noted the major markers of lymphatic endothelium. It is possible that the arrays used did not have many of the lymphatic-specific genes. For example, the cDNA array we used did not contain VEGFR3, the changes were determined solely by real-time RT-PCR and at the protein level. However, it is important to note again that commercially available primary cells contain a significant percentage of lymphatic endothelial cells and thus many of the changes due to differentiation could be dampened. We have analyzed many of the genes described in primary DMVECs as well, and all of the genes are altered in a similar, yet in some cases diminished, fashion (Carroll and Lagunoff, unpublished) . The most recent study examined cells at 2 and 4 h , before latency has been established and there is much more complex viral gene expression not directly relevant to latent gene expression . In the E6/E7 immortalized DMVECs, the authors found that VEGFR2 is upregulated (Moses et al., 2002) . This hallmark of blood endothelial cells is not seen after latent infection of primary cells in the other study or our experiments (Poole et al., 2002) . Of note, E7 can destabilize chromosomes leading to aneuploidy (Duensing and Munger, 2002) , and E6 targets p53 for degradation (Scheffner et al., 1990) , which can have multiple effects on angiogenesis and tumorigenesis (Ravi et al., 2000) .
Overall, this study demonstrates the potential for KSHV to alter the differentiation state of endothelial cells. Because KS spindle cells express markers of LECs and KSHV infection of BECs in culture leads to upregulation of lymphatic markers, we believe that KSHV may infect blood endothelial cells or other endothelial cell types in vivo and drive their differentiation to lymphatic endothelial cells. However, the question remains, what is the role of lymphatic differentiation in KSHV biology? It is possible that differentiation induces the cells to a state where latency is better established or where the infected cells are better suited to expand and spread though the body via the lymphatic system and VEGFR3-mediated mitogenic stimulation. Further studies are ongoing to determine the functional effects of the alterations of these genes on endothelial cells and how they might be advantageous for KSHV.
Materials and methods
Cells
BCBL-1 cells are a KSHV-positive, EBV-negative B-cell line derived from a primary effusion lymphoma maintained as described elsewhere (Renne et al., 1996) . TIME cells are a tert-immortalized dermal microvascular endothelial cell line (DMVEC) maintained as described elsewhere (Lagunoff et al., 2002) . Primary human DMVECs (Clonetics) were cultured under the same conditions as the TIME cells.
Virus isolation and infections
Virus was isolated as before (Lagunoff et al., 2002) and was titered on TIME cells to determine the optimal amount of virus to achieve greater than 90% latent infection and less than 5% lytic infection, as determined by immunofluorescence assay (Lagunoff et al., 2002) using anti-LANA (a kind gift from A. Polson and D. Ganem) and anti-ORF59 (a kind gift from B. Forghani or purchased from ABI). Alexafluor 488 or 594 nm labeled secondary antibodies were used (Molecular Probes, Oregon). Slides were mounted in DAPI containing mounting media, Vectashield (Vector Laboratories, Inc.), then scored on a fluorescent microscope. Immunofluorescence staining with anti-podplanin antibody, purchased from AngioBio Co. (Del Mar, CA), was done similarly as above except methanol was used to fix the cells and fetal bovine serum was used as a block. The pictures in Fig. 2 were taken for each fluor under identical conditions between mock-and KSHV-infected cells.
RNA isolation and cDNA generation
Total RNA was isolated from TIME cells using RNAbee as recommended by the manufacturer (Tel-Test, Texas). Enrichment of polyadenylated mRNA was done using the Oligotex Kit as recommended by the manufacturer (Qiagen). For the first set of experiments, 8 Ag of polyA-enriched RNA was labeled for microarray as described elsewhere (Geiss et al., 2001) . For the second round of experiments, mRNA was amplified using the RiboAmp RNA Amplification Kit, as recommended by the manufacturer (Arcturus). Labeled cDNA was then made as described above. cDNA for realtime RT-PCR was generated from 100 ng of isolated mRNA using the SuperScript First-Strand Synthesis System according to the manufacturers directions (Invitrogen).
Microarray analysis
Slides for analysis were spotted at the University of Washington's Center for Expression Array as described elsewhere (Geiss et al., 2001) . Labeled cDNAs from the first set of experiments were hybridized to approximately 15 000 gene array spotted in duplicate on two slides. Each experiment was done with the control and experimental cDNA labeled with cy3 and cy5 and then repeated with the labels reversed. The second round of experiments was done on approximately 13 000 gene array identical to the original array except for the absence of approximately 2000 spots. RNA for each time point was isolated from different infections, performed on different days, using different viral stocks. Microarray data were analyzed using the University of Washington's Center for Expression Array and the Resolver Biosoftware Package (Rosetta Inpharmatics).
Real-time and semi-quantitative RT-PCR cDNA was generated as stated above, and commercially available TaqMan probes (Assays-on-Demand) were used, following the manufacturers directions (Applied Biosystems). iTaq DNA Polymerase (Biorad) was used for the amplification of 2 Al of cDNA with the TaqMan probes, and the reactions were monitored on an Icycler thermocycler (Biorad). Changes in relative abundance of transcript were normalized to GAPDH expression (Threshold cycle, C T ) compared to control expression in UV-irradiated KSHV-treated TIME cells using the following equation (C T of experimental gene in control cells minus C T of GAPDH) minus (C T of experimental gene in KSHVinfected cells minus C T of GAPDH). For semi-quantitative RT-PCR, 5-160 ng of mRNA was amplified using the One-
Step RT-PCR kit (Qiagen) as recommended using the following 5V to 3V primers; Prox-1 F: CCCGGATCCGT-GATGCCTGACCATGAC, Prox-1 R: AAACCCGTC-GACTTTCTACTCATGAAGCAGCTC and GAPDH F: AAGGTGAAGGTCGGAGTCAACG, GAPDH R: TGGAAGATGGTGATGGGATTTC. The Prox-1 primers are tailed with restriction sites. The product resulting from RT-PCR with these primers was sequenced and found to perfectly match the human Prox-1 sequence.
Western blot analysis
Forty-eight hours postinfection, KSHV-infected and mock-infected TIME cells were lysed in RIPA lysis buffer (50 mM Tris-HCL, pH 7.6, 150 mM NaCl, 1 mM EDTA, 1% Triton X-100, 1% sodium deoxycholate, and 0.1% sodium dodecyl sulfate supplemented with 0.5 mM dithiothreitol, 0.4 mM phenylmethylsulfonyl fluoride, 2 Ag/ml each of aprotinin, pepstatin, and leupeptin, and 1 mM sodium ortho-vanadate). Protein in the lysis supernatant was quantified by BCA assay (Pierce), and 20 or 40 Ag of total protein was subjected to SDS-PAGE. After transfer to PVDF (Immobilon-P, Millipore), the blot was probed with the following primary antibodies: rabbit anti-podoplanin (Research Diagnostic Inc, RDI-102PA40), rabbit anti-VEGFR3 (Santa Cruz, SC-321), and mouse anti-COX1 (Cayman Chemical, 160110), then washed and probed with either goat anti-mouse or goat anti-rabbit (Jackson Immu-noResearch Laboratories). Chemiluminescence was then performed using ECL+ Plus (Amersham) and exposing to Blue X-Ray Film (Phenix Research Products).
Cytokine antibody array
DMVECs were infected with KSHV or mock infected for 42 and 90 h. Media were replaced with serum-free media and left on the cells at 37 8C for 6 h. The serum-free media were then harvested, cellular debris was centrifuged out, and the supernatant was diluted 1:5 and used as the probe on a Human Cytokine Array V spotted with antibodies to 79 different cytokines (RayBiotech, Inc.). The membrane was treated as recommended by the manufacturer. After the final wash the membrane was developed using ECL+ Plus Western Blotting Detection System (Amersham Biosciences).
Note added in proof
Two manuscripts demonstrating similar KSHV induced lymphatic differentiation were published while this manuscript was in press, Y.-K. Hong et al. Nature Genetics, 2004, 36: 683-85 and H.-W. Wang et al. Nature Genetics, 2004, 36: 687-93. 
